L S
NACA TN No. 1539

e

1 MAR 19'48 ' ] p
NATIONAL ADVISORY COMMITTEE \;
FOR AERONAUTICS

TECHNICAL NOTE
No. 1588

MEASUREMENTS OF THE PRESSURE DISTRIBUTION ON THE
HORIZONTAL-TAIL SURFACE OF A TYPICAL PROPELLER-
DRIVEN PURSUIT AIRPLANE IN FLIGHT. I - TAIL
LOADS IN ABRUPT PULL-UP PUSH-DOWN MANEUVERS

By Melvin Sadoff and Lawrence A. Clousing

Ames Aeronautical Laboratory
Moiffett Field, Calif.

~WE

Washington
February 1948

LIBRARY COPY: =

AR 3 ny 1993
tANGEE-RESEARCHCENTER -
LIBRARY NASA N A C A LIBRARY
HAMPTON, VIRGINIA LANGLEY MEMORIAL AERONAUTICAL

LABORATORY
Langley Field, Va.



L AR

31176014340
NATTONAL ADVISORY COMMITTEE FOR AERORAUTICS

TECHNICAL NOTE NO. 1539

MEASUREMENTS OF THE PRESSURE DISTRIBUTION ON THE

HORIZONTAL—TATI, SURFACE OF A TYPICAL PROPELLER—

DRIVEN PURSUIT AIRPLANE IN FLIGHT. IIT — TAIL
LOADS IN ABRUPT PULI~UP FUSH-DOWN MANEUVERS

By Mslvin Sadoff end Iawrence A, Clousing

SUMMARY

The total horlzontal—tall load and the root bending-moment
increments calculated by the use of exlsting rational "procedures
are campared wilth experimental values obtained in pull-up push—down
maneuvers on a representative propeller—driven pursuit—type alrplane
for eix different combinations of powesr, indlicated alrspeed, and
pressure altitude. The ocompubted loads were determined for the
experimental elevator motions, and for two estimated linear deslign
motions. Thers ia also presented a -comparison between the computed
and the experimental load distributlons. Briefly touched upon are
two abbreviated static methods for predicting the maximm up-—loads
in pull-up push—-down maneuvers,

The results showed that where the computed load and bending—
nement increments are determined from measured elevator motions,
the agreement with the experimental results is falrly good, thus
indicating the validity of methods currently available for calcula—
ting maximum meneuvering tail losds, It was also shown that 1f
possible errors in the aerodynamic paramsters were accounted for,
the agreement between the measured load and bending-moment Increments
and thoge computed from the estimated linear elevator motioms, for
values of maximm alrplane load factor approximetely the same as
those measured, would be practically as good as that obtalned using
the experimental elevator motions. Resullts are also included _
showing that the prediction of the maximum maneuvering loads by the
use of two less rigorous abbreviated procedures agreed satlsfactorily
with the load increments measured. Coamparilison of the calculated with
the experimental load distributions showed that fairly good agreemsnt
was obtalned when the measured end computed over-sll tall loads were
in close agreement. However, as compared with experimental results,
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an Iincrease In loading was computed for. the inboard stabilizer
gections and a decrease 1n loading for the outboard mections. The
difference in loading would be equivalent to a root bending moment
approximately 10 percent less than the measured valuss when the over—
all loads were the same.

INTRODUCTION

In recent years perticular emphasis has been placed on providing
a simplified retional method for predicting the maneuvering horizontal—
tail loads assoclated with abrupt motions of the elevator. The methods
avallable In the past for computing dynamic tall Yoads rationally were
too unwieldy to use in routine design analyses., Modifications of
these methods have been directed primarily toward simplifying and
shortenling the necessary computations, and toward selectiomn of a
longitudinal maneuver which would be amensble to computation and
which would adequately define the critical loading condition on the
horizontal tail.

In reference 1, for example, general design charts in nondimensional
form are given by which the tall-load increment variation in abrupt
maneuvers may be determined for any arbitrary elevator motion. Simi-—
larly, reference 2, vwhich is a part of the tail-load design requirements
for the Army, presents a simple tabular integration method for comput—
ing maneuvering tall loads resulting from abrupt linear variations
of elevator motion. In this method the time histories of these motions
are represented by a series of straight lines simuwlating a pull—up
push—down maneuver for an unsteble airplane where the maximum up—
elevator deflection 1s arbitrarily assumed twice the maximum down
value.

A check of the validity of the assumptions and mathematical
simplifications of references 1 and 2 is, of course, deslirable., This
is provided in the present investigation by comparing the horizontal—
tail load increments measured in flight with values computed for
maneuvers having elevator motions ildentical to the experimental. The
computations of tail load for the purpose of this comparlson were made
using only the method of reference 1, since it is mathematically similar
to that of reference 2, and a check of either method would establish
the validity of the other. Furthermore, the graphical method of
reference 1 is adaptable to the lrregular or nonlinear elevator motions
that generally occur in flight, which 1s not the case for the method
of reference 2. Some results of comparisons of thils type have already
been presented in reference 3.

Bince designers must use estimated elevator motions in tail-load
computations, 1t is also desirable to determine how closely horizontal—
tall—-load values computed in linearized pull-up push—-iown mesneuvers
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of the type described in reference 2 compare with those measured in
pull-up push—down mansuvers made by a pilot in flight. Comparisons
are therefore made of the horizontal-tall-load incremsnts measured

in flight and those computed by the method of reference 2. In these
comparlgons the values of elevator deflection used in the computations
were taken such that the computed increments of maximum acceleration
were identical with those measured in the meneuvers for which the
comparisons were made. In setting up rates of elevator motion in
these computations, data presented in reference 4 were of consider—
able value.

Although the methods of references 1 and 2 for computing dynamic
tall loads are less unwleldy than the unsimplified classical methods
avallable formerly, considerable computational time is stlll required
in their application. Therefore, Information relative to means for
shortening the computations 1s bellieved of interest. TIwo abbreviated
methods of tall—load compubation, which result from modifications of
the method of reference 2, are described, and comparisons are made
of tall loads computed by these shortened methods with those measured.
The comparlsons are made on the basls of ldentical increments of
acceleratlion.

An additional obJjective of this report is the investigation of
the velidity of methods currently used for predicting the maneuver—
ing load distributlions over the horizontal talil, and Information on
this subject is presented. ) '

The experimental tall loads and tail~load distributions presented
in this note were measured in sbrupt pull-up push—down maneuvers for
six different combinetions of power, indicated alrspeed, and pressure
altitude. The two previous notes in this series nave dealt with tall
loads in steady unaccelerated and steady accelerated flight (reference 5),
and taill loads in steady sideslips (reference 6).

SYMBOIS
W alrplane welght during test run, pounds
g acceleration of gravity, feet per second per second T
n airplene mass (W/g), slugs
S horizontael surface are'a, square feet
b horizontal surface span, feet ; e

ol

wing mean aerodynamic chord, feet
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local tail chord, feet
radius of gyration esbout Y-eaxls, feet
mpment of inertia about Y-axis, slugs—feet squared

tail length (distance from airplane center of gravity
to one—third maximum chord point of tail), feet

correct indicated airspeed

o.286 %

{1703 [ (E——R + l) -1 :] }, miles per hour
Po

free—atream total pressure

free—stream static pressure

standard atmospheric pressure at sea level
pressure altltude, feet

free—stream Mach number

true airspeed, feet per second

mags density of alr, slugs per cublc foot
free—stream dynamic pressure, pounds per sgquars foot
pressure on upper surface, pounds per square foot
pressure on lower surface, pounds per square foot
resultent pressure coefficient (p1—py)/q

tall efficiency factor (qt/q)

pitching moment (stalling moment positive),
foot—pounds

root bending moment (positive when teil tip is
deflected upward), foot—pounds

normal air load on horizontal tall (positive when
load is acting upward), pounds

1539
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Cm
Cm,

CMyp
Cn
CR¢
Az

CL

A

K 'K Ky

ab,v, Vvt

1539 ' 5

pitoching-mament coefficient (M/qS,c)

tall-moment coefficlent due to effective camber

(Mgbg/ane84%)
tail root bending-mament coefficient (Mp/qStbt)
section normal-force coefflcient
tall normal-force coefficient (Wg/ntaSt)
the ratio of the net aerodynamic force along
the airplane Z-axis (positive when directed
upward) to the weight of the alrplane
airplane 1lift cocefficient (WAz/aSw)
horizontal surface angle of attack, radians
downwash angle, radians |

elevator angle, radians (unless otherwise noted)

sideslip angle (positive when right wing is
forward), degrees

angle of pitch, radlans

pltohing velocity (d8/dt), radians per second

empirical dsmping factor denoting ratio of damping
moment of complete alrplane to damping moment of
tall alone

elevator stick force, pounds

time, seconds

asrodynamic time +t/(m/pPSyV)

this symbol before any quantity other than a
subscript denotes the change 1n value of
quantity from time T = 0

nondimensional constants occurring in basic
differential equation in reference 1

functions of the asrodynamlc derivatives in the
baslc differential equations in reference 2
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¥,y functions of d.Se/d.t and the aerodynamic
derivatives in the basic differential
equatione In reference 2

& dare/dt or dag/dT

é ae/at or dgfar

iy d2ay/at?® or dZuy/dT2
6 d29/dt? or a2e/ar2

Subscripts
a alrplane
a—t alrplane minus tail
w wing
tall
av average
exp experlmental
calc calculated
max maximum value
bal for balance
man in maneuver
ABg due to change in elevator-engle Increments at
maximum acceleration, such &s
ABg = (MBepgy — Ab.eman)AAZmax
) due to pitching acceleration at AMZpex

TESCRTPTION OF AIRPLANE

The test alrplane used was a single—engine, pursult—type, low-—
wing monoplane with a tractor propeller. Figures 1 and 2 are photo—
graphs of the alrplane as instrumented for the flight tests; figure 3
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ls a three—view drawing of the alrplane. The pertinent geometric
and asrodynamic characteristics:of the alrplane are given in tables I
and II, respectively. The asrodynamlic characteristics wore obtained
from the varlous sources listed in table II.

INSTRUMENTATION AND PRECISION

A 60—cell pressure recorder was used to measure the resultent
bressures over the horizontal tail at the locations glven In table III
and shown in figure 4. The precision with which the pertinent quanti—
ties were believed to be mesasured in the tests is indicated In the
followlng table:

Item Estimated accuracy

Normal accelsration $¥0.10 g
Elevator angle £0,50°
Sideslip angle +1,0°
Airspeed (to 200 mph) +2% percent

(2bove 200 mph) +1 % percent
Altltude +300 feet
Tail load (steady,

unaccelerated £light) 50 pounds

(accelsrated flight

in abrupt maneuvers) +250 pounds

It should be noted that the estimated precision of the normal
acceleration and the tall loads in accelerated flight during abrupt
maneuvers 1s less than that reported in references 5 and 6. Tais
reduction in the estimated accuracy of the mesasurements results from
the fact that in abrupt mansuvers the mancmeter records wWere more
difficult to correlate at glven time Instants, and the effect of
pitching acceleration on the readings of the accelerometer, displaced
slightly aft of the center of gravity, was not accounted for. The
pressure—~lag characteristics of typical horlzontal—taill lines were
investigated and it was found that the lag was negligible for the
retes of pressure change encountered in this Investigation. Other
ingtrumentation of the test alrplane and the precision of the A
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measurements were the same as glven In reference 5.

FLIGHT PROGRAM

Six abrupt pull-up push-down maneuvers were made at the flight
condltions listed in the following table:

Power

Run| Vigyl bpay| Mav Estimatedt
Power setting brake

horsepower
1 358 }20250{0.68 | off, propeller in high pitch =80
2 | 257 | 24750| .54 | On, full throttle and 3000 rpm 1030
3 | 376 } 10150] .59 | 0ff, propeller in high pitch -130
4 | 258 | 9500t 4O | Off, propeller in high pitch -120
5 { 311 } 10150{ .49 | On, 39 in. Hg manifold pres— 920

sure and 2600 rpm

6 | 3131 9850} .49 | Off, propeller in high pitch -120

1Estimated from manufacturer'!s englne power charts.

- The maneuver was entered from steady straight flight by pulling
sbruptly back on the elevator control, holding it fixed until the
gpecified normal acceleration was neerly reached, then pushing the
control abruptly forward to pitoh the alrplane out of the pull-up.

It should be noted that the rates of elevator control motion used
were the fastest the pilot could apply consistent with the structural
limitations of the alrplane. At spseds where the limit allowable
load Pactor could be exceedsd, the rates of movement and maximum up—
elevator deflection were reduced. The measured rates of motion were,
in general, slightly less rapid than those indicated in reference b,

DESCRIPTION OF THE METHODS OF TAIL~LOAD COMPUTATION
In all the methods of computation used it was assumed that:
1. The change In acceleration factor as a result of attitude
change ls amall as compared with that due to a change in angle of
attack.

2, The speed 1s constant during the maneuver.

3. The aerodynamic paremeters vary linearly with angle of
attack. T ST
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k., The effects of structural flexibility may be neglected.

Graphical Method

This method, which is described In detail in reference 1, uses
a graphical Integration procedure to predict the motions of the
airplane following any arbltrary elevator control moment.

The differential eguation of motion for a unlt elevator deflec—
tion can be written as

Gy + EK1' &y + Ka' loy = Kg' ABg (1)

where K;!', Kp', and Ka' are functlions of the asrodynamic and
geametric characteristics of the alrplamne. Equation (1) is solved
for the unit solutions and the variations of Axmy and & are
determined for the specified elevator motions by employing Duhamel's
integral theorem. The Increment in effective tall angle of a.tta,ck
at any time during e maneuver, which 1s related to Amy and &y

by the equation,

={mw[1_ <dﬂLa pwat] %<§Zw+ ) da.tAbe

(2)

The teil~load increment 1s determined from equation (2) by the
equation

ac ' o
ANt=aﬂ,_1.:}'mtﬂtQSt (3)

The load or acceleration factor increment 1s cbtained from the
relstion

_ (SCL\ ALawd
g = a""‘">a. W/Sw (%)
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Tabular Method

This method, a detalled description of which is reported in
reference 2, 1s mathematically similar to that given in reference 1.
It is, however, more convenlient to use when linear elevator motionms
are assumed. The general differentisl equations of motion used in
this case, for an elevator deflection proportional to time are

Sy —'a&w + bl = ¥(t+v) (5)

— a8 + bo = ! (t+vt) (6)

@t

where a, b, v, and V'are functions of simplified asrodynamic
derivatives and ¥ and V' are dependsnt on the rates of elevator
motion and on the derivatives. Equations (5) and (6) are solved for
the unit functions of- Ay, oy, Gy, §, and 6; and the variations
of these quantlitles are determined for gpecified or assumed linear
elevator motions by a cortvenient tebular integration procedure., The
increment in equivalent tail angle of attack 1s obtained from the
equation,

Ve
mt:Kl"a%f‘A“W““(%t)(%; S + v«l‘-eJ’dseAbe (7)

It should be noted in the preceding equation that the tail length

xt 1s consldered positive for conventional airplaenes, while in

the method of reference 1 it is considered negative. The Ilncrement
in tail load is obtained from equation (7) by the use of equation (3).

The type of linear elevator motion used in the applicatlion of
this method to compute maximum maneuvering tail loads is shown iIn
figure 5, It 1s noted that the motlions, as specified in reference 2,
simulate & pull-up push—down maneuver. The rates of motion, as
indicated in the figure, were basod for the most part on the data of
reference 2 and reference 4. In contrast with the computations using
the graphical method where the elesvator motion used was identical to
that measured in flight, the maximum up—elevator sngle was adjJusted
80 that the maximum experimental value of. Ady was Just reached In
the deslign maneuver. The comparisons here then are based upon common
or ldentical values of AAZmax Motions with both a 0.2-second and

0.4—second elevator reversal were included. because, upon occasion,
the designer may be undeclded as to the exact rate of reversal to
use., This being the case, and since the reversal rate 1s probably
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the most Important varlable in esteblishing the linear motions, it
was belleved to be of interest to know gquantitatively the effect of
& change In the reversal rate on the calculated results.

Abbreviated Methods

In one of these methods the tabular integration method is used
to establish the elevator-engle increment ABep., corresponding to
the maximum value of AAz, in the maneuver for a 0.2—-second reversal
of the elevator. The elevator—angle increment for balance at AAZmax
is determined from the equation

LMz (dCL )

Peval = ioa/ave)s ' (8)

Assuming that the maximum maneuvering teil—load increment occurs at
MZrovw, the load increment is computed from the equation

MMtpen = ANtpgy + g?%t (MBoman — Aﬁebal)agz angSt ()

where MNtpay 1is computed by the use of the equation given in
reference 5 for ACI, corresponding to AAZysy I1n the maneuver.

A second abbreviated procedure was used in which the value of
anguler pltching acceleration 1is determined at Mg, ., by establish—
ing the elevator motlon with a 0.2-second elevator reversal, as for
the previous method for the desired maximum acceleration factor
Increment, and by computing the pliching accelsrations assocliated
with this elevator motion. The maximm meneuvering taill-—loed increment
is agaln agsumed to occur at AAZnp.y 80 that

Iye 10
AN'bman=Mtbal+;§ﬂ (_)

where AN-bb is determlned as before from the equation given in
reference %l
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RESULTS
Experimental Data

The experimental results includlng time histories of baslic flight
varlables, total tall-load and root bending-moment increments,
acceleration—factor and elevator-engle increments, and the load
distributions are presented in figures 6 to 9. Most of the data
shown in Figures 6(a) to 6(f) are used subsequently to compute the
tail-load increment variations following specified elevator motloms.

In figures T(a) to T(f) the experimental tail—load and root
bending-moment Increments are shown for the several runs. Theae
increments were determined by subtrecting from the measured loads
and bending moments at any instant the balancing loads and momsnts
at time T = 0, (See fig. 6.) The measured elevator-aengle and
acceleration—factor increments (figs. 8(a) to 8(f)) were determined
in a similar manmer. The experimental resultant pressure dlstributions
are shown in figures 9(a) to 9{f)). For purposes of comparison with
computed results these distributlions correspond to the time In each
run when the calculated load increments based on the experimental
elevator motions are a maximum., In this way differences in elevator
angles which would distort the comparigons of the load distributions
were avoided.

Computed Data

From the bagic flight data presented in figure 6 and from the
aerodynamic and geometric characteristics of the test alrplane, the
calculated variations of tail—load and root bending-moment lncrements
(fig. 7) were determined. The root bending-moment lncrements were
determined by multiplying one—half the computed tail—load increments
by the calculated distance to the center of pressure which was assumed
at the centrold of area of one side of the taill. The computed or
aggumed varilastions of elevator—angle and acceleration—factor Increment
are shown in figure 8. The computed tail-load distributions shown in
figure 9 were determined by the methods of references 7 and 8.

A summary of the experimental and the computed results 1s
presented iIn tables IV and V.

In the computations, Mach number effects on most of the aero—
dynamic parsmeters were not included, since the load calculations
for the one test alrplane of reference 3 which attained a Mach
number of 0,61 showed no appreciable compressibility effects on the
compubted load increments. In the present investigation only run 1
was made at a higher Mach number (M = 0.68).
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DISCUSSION

Ag previously polnted out, the measured and computed results
are compared elther upon the basis of ldentical elevator motions
or approximately the same values of maximum normal acceleration.
In the former case, the purpose of the comparison 1s to provide a
check on the valldity of the methods currently available for
predicting maxlmum maneuvering tail loeds from known or prescribed
elevator motions. In the latber, the reason for the comparison is to
determine the extent to which tall loads computed by use of estimated
linear elevator motions or sbbreviated methods, agree with tail loads
measured in abrupt pull-up push-down meneuvers as made by a pllot
in flight. '

Comparisons Made to Check Vglidity of Rigorous
Methods of Computation

In general, as seen in Pigure 7 and teble IV(A), the results
of comparisons made on the basls of ldentical elevator motions show
that relatively good agreement is obtained between the maximum
measured and computed tail—load lncrementa. The comparisons also
show, however, that where the baslc assumption of +the methods of
computation are violated, agreement between computed and measured
values may not be good. For example, in run 2, where the 1lift
coefficient reached a value of nearly 1.2 at a Mach number of 0.54
the lack of close agreement is attributed to the fect that the ailr—- . —
plane waes stalled at this moderate Mach number; consequently, the
baslc assumption that the aerodynemic parameters varied llnearly
with angle of attack was not valid for this run. For the sams
reason lack of agreement might be expected in run 4 in which a 1lift
coefficient of 1.4t was reached at a Mach number of about O.kl. In
run 5, however, in which a 1lift coefficient of about 1.2 was reachsd
at a lower Mach number than that reached in run 2, namely 0.49, the
agreement between computed and measured values was good. The results
presented in table IV(A) show that the maximum ccampubted up~load
increments deviate from the experimental results an average of 1l.h4
percent for five of the six runs investigated. (Run 2 was not
included in the average deviation because of the stalled condition.)

The agreement shown in figure 8 between the maximum experimental
and the maximum computed wing—load or acceleration—Ffactor increments
is not as satisfactory as was the case for the tail—load increments.
It is belleved that part of the discrepancy can be attributed to
posslble errors in certaln serodynamic parameters used in the calcula-—
tion, in particular the alrplane lift—curve glope. Thls possibllity
1s indicated by the fact that, while a value of (dC]’_,/da.)a of k.12
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vag used In the computations for the present investigation, unpublished
data (which were not available at the time most of the computations
for this report were made) from the Ames 16—Foot high—speed wind
tunnel indicated a value of 4.80 at a Mach number of 0.40. Calcula—
tions showed that while this difference in (dCL/da)g had little
offect on the tall-load increments, 1t had an appreciable effect on
the values of the computed acceleration—factor Increments. The use
of the Ames 16-foot wind—tunnel velue of (dCr/da), would have
reduced the average discrepancy between computed and actual values
of AMAZp.y from about 20 to about 15 percent. It 1s important to
note that, while the change in (dCL/dn), 41d not affect the tall—

load increments appreciably, 1t would have a large effect in cames
where the elevator motions are varied to produce specified values
of AMAZy.y. This distinction is illustrated further in a later

gection of thile report.

These results are in general agreement with those presented 1in
reference 3 which showed, In a majority of the comparisons, that the
maximumm computed wing—- and tail—load Increments for several alrplanes
agreed quite well with the measured values. Where poor agreement -was
obtained, the trouble was traced either to poor quantitative knowledge
of the value of certain aserodynsmic parameters or to violations of the
assumptions upon which the methods of computation are basged.

It appears, then, that methods currently avallable for predict—
ing maximum meneuvering tail loads from prescribed elevator motions
are vaelid snd can be used with assurance, provided the aerodynamic
paremeters are accuretely kmown. It should be recognized that these
methods would not be valid for predicting tall loads in maneuvers
where the baslc assumptions common to these methods were not appliceble,

Comparisons Made to Check Validity of Using
Fstimated ILinear Elevator Motlons

This type of oomparison ls made to permit an over—all apprecila—
tion of the acouracy with which maneuvering tail loads may be expected
to be computed for glven values of load factor. Comparisons are made
between loads meassured and those computed in pull-up push—down maneu—
vors in which the elevator motlons are assumed to be linear (method of
reference 2).

As is shown in table IV(A), where comparisons are made on the
basis of the same values of AAz . ., the maximm tail—load increments
computed using estimated linear elevator motions with 0.2—second and
0.l—second reversal deviate from the experimental results an average
of 41.3 and 21.4 percent, respectively.
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It appears that the use of estimated linear elevator motions
consistent with the experimental values of Mz,.y, Instead of
the actual motions produced increases in the average deviations of
29.9 and 10.0 percent, respectively, for the assumed elevator motions
with 0.2-second and 0.t-second reversals. Anelysis Indicates, how—
ever, that most of the increased deviations are traceable to possible
errors In some of the aerodynamic parameters.

Since, for design purposes, the fastest possible rate of reversal
would generally be used for predicting maximum maneuvering tall loads,
subsequent discussion will be confined to analysis of the results
computed using the linear elevator motions with a 0.2-second reversal.
(&s was previously noted, the linear motion with O.4-second reversal,
was included to show the effect of a change in the reversal rate on
the computed results.)

To 1llustrate the effects of Inconsistencles or errors in the
aerodynamlc parameters considexr, for exemple, the effect of a
possible error in (dCr./da)s discussed initially in the previous
section, where comparisona were based on ldentical elevator motions.
It can be shown that for a consbant value of AAZn.., &n Increase in
(dcr./da)s from 4.12 to 4.80 (as indicated.by Ames 16—foot wind—
tunnel tests) would reduce the average deviation of the computed tail
loads from the measured results from 41.3 to 23.3 percent. This was
based on computations which were repeated for one run using a value
of 4.80 for the airplane lift—curve slope. It can be further shown =~ =
that a small additional error was introduced into the tail—load
computations because the values of (dCm/da)e—t and (dCm/da)g
obtained from two equally valild sources were not determined with
sufficient accuracy to permit & perfect check of ome value with the
other. Results of a large number of studies presented in reference 2
ghow that, depending on whether AAZmgy or the elevator motion 1is
held constant, the maximum maneuvering tail load will Increase
either about 2 or 5 percent, respectively, for a 2-percent (the degree
of inconsistency in (dCm/dx)g obtained from the two sources) move—
ment aft of the alrplane center of gravity. Thus, 1t can be shown
that the use of a comsistent value of (dCm/dg), in the present
case would further reduce the difference between the average computed
load deviations using the measured and the estimated linear elevator
motions. If the value given in reference 5 is assumed correct, the
average deviation of the computed results (using linear elevator
motlons) from the meassured load increments would be reduced from
23.3 to 21.3 percent. Assuming that the valus of (dm/da)s given
in reference 9 1s correct, the average deviation from the experimental
load increments of the values computed using the experimental
elevator motions would be increased from 11l.ht to 16.k percent. From
the foregoing, it appears that the difference between the average
computed load deviations using the estimated linear and the measured
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elevator motions can be reduced from 29.9 to either 9.9 or 6.9
percent by accounting for possible errors or inconsistencies in the
values of (dCr/da)y and (&Cpm/da),.

Analysis of the present results indicates, then, that the
ostimated linear elevator motions witk & 0.2—gecond reversal are
practically as satisfactory as the actual elevator motions for comput—
ing mexlmum maneuvering tall loads in abrupt pull—up push—down
maneuvers,

Comparisons Made to Check Validlty of Abbreviated
Methods of Prediction

Comparison is made in table V(A) between the maximum experimental
tall-load increments and the maximum values computed by the two
abbreviated methods previously described. Although not as rigorous
as the more complete graphical and tabular methods, they gave results
which are considered falrly satisfactory. Average deviations between
the measured values end those computed using ANgphg) + Niape, and

ANty + Nté' were 14.3 and _22.4 percent, respectively.

It should be noted that the camputations could be further short—
ened by estimation of the maneuvering elevator angle at Mgz, .. and

and the pltching acceleration at Mzma.x' As & first spproximatlon,
Asema.n at AAz,., Wwas assumed one-half the elevator-angle increment

required for balance. For the test alrplane, this resulted In computed
tail loads which predicted the actual within an average of 13 percent
for the six runs. For the speclal case where the center of gravity

is located at the position for neutral stick—fixed stability, the
aforementioned method would be invalidated, since ABepgjy would be
zero and the maneuvering load so computed would be equal to the
balasncing load. Similarly, an assumption of & common pltching accel—
eration at AA'Zmax of 4 radians per second squared for the six runs

resulted In an average deviation of the computed from the measured
load increments of about 20 percent. Caution should be exercised in
generallzing these results, however, since possible errors in the aero—
dynemic parameters used (as indicated by previous discussion) would
change the average deviations significantly. These changes would be

of the order of about.—H percent to 20 percent for the extreme cases.

Although these Presults cannot be conclusively considered
representative (since they were obtained on only one alrplane) they
may indicate the accuracy to be expected of the methods if they are
used to compute deslgn mansuver loads for any alrplane of the same
genbral configuration as that of the test airplsne. The results
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obtained on the test airplane are considered sufficiently accurate
for preliminery design estimates.

Effects of Speed on Load Comparisons

A comparison between the computed and the experimental limit
maeneuvering and balancing tall loads is included as figure 10 for a
range of indicated alrspeed to show where maximum maneuvering loads
may be encountered, and to indicate the relative magnitude of the
balancing and meneuvering loads as measured and as computed. It
should be noted that the computed maneuverlng loads were obtalned
using values of 4.12 and —0.124 for the airplane lift—curve and
moment—curve’ slopes, respectively. It was indicated previously
that better agreement with the measured results would have been
obtained if a good quantitative knowledge was had of these itwo
pertinent aerodynamic parameters. The balancing loads for the limit
load factor of 7.33 and for zero load factor were obtained from the
date of reference 5. The computed and experimental maneuvering tail-
load varlations for the load factor of 7.33 wers obtained by fairing
through the individual load increments reduced to a common Aay

max
of 7.33 and adding to the resulting curves the corresponding balancing
loads at Ay = O. The individual data points are included to show the
relative amount of scatter, which is considereble in the case of the
measured loads and the loads compubted using the measured elevator
motions. This scatter results, of course, from variations in the
severity of the experimental elevator motions used. In accord with
the date of reference 2, the maneuvering loads computed by the
several methods decrease from the nelghborhood of the upper left—
hand corner of the V—g dlagram from about 15 to 25 percent over the
airspeed range covered. The méasured loads Increase up to about 300
miles per hour, then fall off quite rapldly at higher speeds.

Comparisons Between Méasured and Computed Root
Bending-Momsnt Increments

A comparison between the meximum experimental and the maximum
calculated tail bending-moment increments based on the measured and
the computed elevator motions is made in table IV(B). It is shown
that if the experimental elevator functions are known, the average
deviation of the computed bending—moment increments from the measured
results if 7.l percent compared to 1l.4 percent for tail loads. The
maximum bending-moment increments, based on the linear elevator R
motions with reversal occurring in 0.2 second and O.4 second a.d.,justed.
to give values of i1dentical with those measured, deviate an
average of 28.3 and lﬁ 2 percent, respectively, from the experimental
values; whersas the corresponding tall-load deviations were L4l.3 ani
21.4 percent.
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The maximm root bending-moment increments calculated by the use
of the two shortened procedures are compared with the experimental
results in table V(B). The bending-moment increments based on the
computed elevator-engle change at AAZ o deviate an average of 9.3

percent from the measured values, while those baged on the calculated
value of pitching acceleration at AAZ, ., are in error an average
of 13.2 percent.

It will be noted from the above comparisons that the computed
bending-moment increments are generally less conservative than the
computed load increments. Thils results from the fact that the
computed lateral dlstance to the center of pressure is inboard of
the measured values. Filgure 1l presents the experimental and cal—
culated distances to the center of pressure as a function of tail
normal-force coefficient Cxy. As previously noted, the computed
value was agsumed to be located at the centroid of area of one side
of the tail. It should be noted from figure 11 that the experimental
value appears to move slightly inboard with an increase in Cxy.
Furthermore, the computed dlstance to the center of pressure 1s
inboard of the measured values an average of about 10 percent.

Evaluation of Methods for Predicting Losd Distributions

The previous sections of thils report have dealt with the evalua—
tion of seversl methods for computing the maximum horizontal—taill l
loads and root bending-moment increments in abrupt maneuvers. Having ’
ascertained the accuracy wlith which the over—ell loads and bending
moments were determined, it seems desirable to determine how claosely -
the calculated load distributions compare with the experimental dis—
tributions. This was done by distributing the maximum computed over—
all loads based on the experimental elevator motions over the tall «
span by assuming unit span loads proporiional to the taill chord.
The methods of references 7 and 8 were used to distribute the unlt
span loads over the tail chord, and the resulting distributions were
compared with the experimental results at the same time. This wes
done so that the elevator angles would be the same for the computed
and measured distributions.

The comparisons shown in figure 9 indicate, in general, falrly
good agreement at the midspan stations. At the spanwise stations
adjacent to the fuselage and tip, however, the computed chordwlse
load distributions generally show higher peaks near the stabllizer
leading edge for the former, and lower peak loads for the latter
gtations, as compared with the experimental results. One possible
reason for this ia the effect of the fuselage in causing a reduction
of load at the inboard +tall stations.. For a given load, the resulting .
outward shift of the center of pressure would cause some of the
discrepancies between the calculated and experimental distributions.
The agreement shown between the computed and measured span loading -
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curves is considered falrly good, although it is evident that the

computed total loads for run 2 and rum 4 are considerably higher

than the actual values. Better agreement was not obtained because

present design practice incorrectly assumes that the unit span .
loads are proportional to the tall chord. o

CONCLUSIONS

Comparisons have been made between the horizontal-tail loading
obtained in six pull—up push-down mansuvers in flight on a repre—
sentative pursult—type airplane and the computed tall loading based
on several rational procedures. On the basis of these comparisons
it was concluded that for airplanes of the same gensral configura—
tion as the test alrplans: '

1. Methods currently available for predicting maximum maneu—
vering taill loads from prescribed elevator motions are valid asnd can
be used with assurance, provided the asrodynemic parsmeters are
accurately known.

2., Computations of tall load based on linear elevator motion
in a pull-up push—down mansuver with a O.2-second elevator reversal
may be expected to give very nearly the same valuss of maneuvering
tail load as those that would be measured in actual pull—up push—
down maneuvers at identical values of Mgy vy DProvided aesrodynamic
parameters used in the computations are accurate.

3. The maximm tail—load incremsnts computed by the use of the
two abbreviated methods will be in fairly good agreement with actual
valuses and would, in general, be sufficiently accurate for pre—
liminary design studies.

4, TFor a given maximm maneuvering tail load, the maximum
camputed root bending moment will be approximately 10 percent less
than the value that would be obtained in flight, as the computed
distance to the center of pressure would be about 10 percent inboard
of the actual value.

5« The computed chordwise and spanwise tall-load distributions
will be in fairly good agreement with actual values, provided the
camputed values of over—all loads are in close agreement with actual
values. Better agreement would be expected if, in distributing the
load along the span, the effects of the fuselage were considered in
addition to the variation of tail chord.

Ames Asronsutical Laboratory, .
National Advisory Committee for Asronautics,
Moffett Field, Calif. -
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TABLE I,- GEOMETRIC CHARACTERISTICS OF

TEST AIRPLANE

Itenm Value
Gross wing area (S,), sq ft 213422
Gross horigzontal-tail area (Sy) sq £t 40.99
Tall incidence, with reference to thrust axls, deg 2425
Average airplane weight during test run (W), 1b 7600
Design gross weight 7406
ing span (by), £t 34,0
orizontal=tail span (by), £t 1340
oment of imertie of eirplane (Iy), slug-ft2 6380
ss of airpleme (m), slugs 236
Radius of gyration of eirpleme (Ky), £t 5¢2
Tail length (xg), £t 15,0
Meen aerodynamic chord (3), ft 6472
Center-of-gravity location, percent G 3063

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS



TABIE IT.— AERODINAMIC CHARACTERISTICS OF TEST ATRFLANE

Ttem Value Source
Slope of airplene lift curve {dCr/da),, redian k.12 Langley full-scele
tunnel tests
Slope of tall-plepe 1ift curve (dCxi/dad), redian 3.38 | Reference 10
Downwagh factor (de/day) 0.%9 | References 11
end 12
Tail efficlency factar (ny) 1.00 | Assumed
Expirical damping factor (K) 1,10 | Refersmce 1
Empirical damping factor (K) 1.25 Reference 2
Elevator effectiveness (dCy,/dBe), radien 1.89 | Reference 10
Tail mement change with elevator angls (dCmy/dBe), redian 0.532| Reference 13
Slope of airplane momsnt cuwrve minus tail [(dcmjda)a,_t:i, radlan 0.531| Reference 5
Slope of airplans moment curve [(dﬂm/du.)a:l, radian —0.12%| Reference 9
Adrplane moment change with elevator sngle (dCp/dS), radian ~0.830 Unpublished data
Chenge of tail mngle of attack with elevatar angle (dot/dBe) 0.56 | Reference 10
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TARIE FIT.~ CRDINATES AT PHESSURE (ROFICES (N HORTIZONTAL TALL OF TEO9T ATHPLANE

[A1l valves are in percent of cherd]

Row A Row B Row C Row D

Upper awrfnce]Lower surfuce|Upper surface|Lowsr surface {Uppsr surface [Lower swrface|Upper surface[lawer surface

Ordi- |8ta— | Grdl-~ |Sta- | Ordi- | Sta- | Ordi- [Sta~ | Ordi~ {Sta— | Ordl- |Sta~ | Ordi- | Bta= | Ordi-
nate |tilon | mate [tion | nate [tion [ pate |[tion | nete |[tion | nate [tion ]| vate [tion | nate

Iaft aide
1 1.55 1551155 | 25T 1.0 | 284 | 1.70 ] 1.61) 1,28 | 1.24) 3.1% | 2,08 1,40 | 2.21]1.43
2 351 {1 9-37)3.51 |10.33] 3.23 | 9.88 3.27 | 7.30 e.}‘g T+08] 2.58 [25.04] 3.15 ek, 981 3,09
a h LO an L, £ a1 Ant & 11 a1 A o an asl » Aan et a ap L 1Ll A Am We ak 1 A
k] “tetHd US| e JheU ] Sedl Siad) § ekl EUg) )] Jeis EVe ] Ja U HUplit | EaD) H4Ga3® | o3
b h.13 Ak | 4,23 [h2 2.9 |ha.66]3.90 [31.06] 3,35 ?2.79 3.45 157.5%6| 2.3 |57.72} 2.11
5 3.80 {57+28 | 3. S8e55) 3455 |54e65] 3252 36,91 3.03 +71] 3. |70.60} 1.95 |70.99]1.%5
6 1.80 lé2.5411.B6 159.77F 1.52 150.8811.86 I57.20} 2,10 157.hht2.36 79,801 1,80 180.00!)1.37
T 2.79 |69.04 | 2,89 |6B.53] 2.61 |6B.98 | 2.8k [67.58] 209 68405 1.9 |-~ ~f == |- ==| ==

Right side

O -1 NN FW D

145 | 1s|aas | 2.02] 159 | 2.50] 2,70 ) 2.96] 149 | 2.43] 1.k9 | .98} 2.50 | 2.02 ] 1.24
3.57 {10.03 3.45 10.06] 3.27 |10.43 ] 3.29 | 9,80] 3400 {10.12] 2.75 |25.2k] 3.2% |26.18] 3.09
455 |30.86 | k. 21.75 L.20 |31.86] k0B [35.56] 3.66 [36.08] 3.29 h;zgg 2,8 |U45.85]3.06
b0 {b7.22 | ha16 {343.08] 3.92 |[L43.08] 3.83 |ko.02]| 3.29 [ho.28) 3.1%' |58 2.4 |58.37]| 1.5
370 [5Ta5R [ 3oTh [5%a33] 3463 |52 350 [60.13] 2475 [60.42) 2,14 [7L.54] 2,11 [70.95[ 1.5
217 |62.40]11.86 |59.36] 1.5 {59.52| 1.59 71.11] 2.17 E.ah 1.8 {80.16] 1.63 {80.03| 1.3T
2077 @.60 2&9 68.89 2‘7&' 69-1’1‘ 2.72 8#197 1.-20 (gr 1.18 - - hanfin il ——

o aftl 1 or o - - = o = o
et JUS L | V) a3 Eatrs {Gachi | Lel] = mm] T e (T o mmy v S [ee e TNE e e o owe w ] e e

- |-==] 22 [86.%8) 1.36 {86.73[136 -] ~= ==} = -] - |---| ==

o, B N e~ owm i
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TABLE IV.—

ROOT BENDIRG-MOMENT TRUREMENTS AND THE CATCUIATED VATUES BASED ON THE
FXPERTMERTAT ELEVATCR MOTTORS AND THE COMPUTED RLEVATOR MOTIOND
WITH 0.2-SECOND AND O.4-SECORD REVERSALS OF THE FLEVATOR

COMPARTSON BETWEEN THE MAXIMUM POSITIVE EXFERIMERTAT, TATI-LOAD ARD

{A) TOADS
a, (using Caloulated
¥oagured m%:?ml?mm (ueing eotimated Linear elsvatar motions)
Run ot Bt
Daviation Daviation| s on | Paviation
Left| Righ Total} Total . .
(peroont) gggng 2| (percent) 'g:gl;ng 4~ | (porcent)
reversal
1 16851 1793} 3477 0 13.9 4305 23,9 3648 b9
2 1p3a| 1215 | 2kt @ h2,6% 3545 M7 3183 30.0
3 1173 1269| 242 25 5.9 3932 61.5 3313 35.9
L 1569 1735 | 3304 250 28.6 5112 sh.T 4346 31.6
5 2003 18| 3911 halo 7.1 5ThL 46,1 hr61 2l.1
6 o5ke | 9514 | 5056 5130 1.5 5913 15.9 4812 4.8
{i\ﬁvg_m o 11,4 — h1.3 —_— 2L.4
Mm
Caloulated (using Caloulated
Massured meamured elsvator (using estimated linear elsvator mobions)
motlons)
Run Tett or ' Ieft or
Lef't right for right for
Laf't | Right or Deviation | 3, motion | Daviation 8y motien | Deviation
right | (percent) | with 0.2- | (percent) | with 0.4 | (percemt)
seccnd gacond
Treversal reversal
1 5512 | 5622 5750 2. 6250 11,2 5295 -5.8
2 3518 | 3902 5060 29,p1 5145 31.h 65 18.0
3 3760 | 3952 s 5.0 5705 W3 h805 21.6
I 5118-} 5172 6165 19,2 Th15 3.3 6305 21.9
5 6hl1a | 6390 6110 4.7 8330 29.9 6905 TT
6 96 | T790 This ~ly.5 8575 10.0 6985 ~10.4
A
dovietin | —| — —_ 7.1 — 28,3 —_— 14,2

1Not inclunded in aversges deviation because mirplans was definitely etallsd during this rum.
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TABLY V.~ COMPARISON AT THE SAME VALUES OF Alg,,, OF THE MAXTMUM POSITIVE EXPERTMENTAL TATL-LOAD
AND ROOT BERDING-MOMERT INCEEMENTS WITH THOSE COMFUTED BY THX USE OF W0 ABEREVIATRD METHODS.

(A) Loams
Experimsntal Calculated

Ben Lafy Right Total Total for Deviation Total for Deviation
' Agyay + ‘tua, (percent) ANpay + Nef { percent )

1 1684 1793 3™TT 3480 0 3780 8.7

2 1232 1215 2hh7 2800 14 b 2880 17.7

3 173 1269 b2 3210 31.6 W20 k0.3

b 1569 1735 3304 3860 16.8 4530 37.1

5 2003 1928 3931 bhgo 14,2 5030 28.0

6 2542 251% 5056 4630 ~8.4 5190 2.6

Avorage
deviation | — — —_— —_— 4.3 e — 22.%
(B) BENDIRG NOMENTS
Rxperimental Calculated
Run Left Right Left or Deviation Left or Daviation
rigat for {percent ) right for {percent )
AMryey + Mrps Alrygy + Moy

1 5512 5602 5050 =10.2 5480 2.5

a 3918 3902 LoT0 3.9 k180 6.7

3 30 | 395 4660 7.9 960 25.5

L 5113 5172 5600 8.3 6570 27.0

5 - 612 6390 6510 1.5 7300 13.8

6 T96 TT90 6720 -13.8 7530 ~3.4

Average
 doviation _— — — 9.3 —_— 13.2
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